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Description. 

Technical Field . 

[0001 1 The present Invention relates to a light emitting* 
diode of wavelength conversion type, and more partic- 
ularly to a type of light'emitting: diode which- converts- 
blue luminescence into white. 

Background Art . ' • ' 



[0002] Conventionally, among this kind of light.emlt- 
ting diodes of wavelength conversion type are known 
the one shown in Fig. 22 (Japanese Patent No. 
2900928) and the one shown in Fig. 23 {Japanese Pat- 
ent Lald-Open Pubibatipn No Mel 7^99345). jnie^^^^ 
one is a light emitting^dibde 1 of lead frame type, having 
a structure in which: a recess 3 is arranged in a metal 
stem 2. one of the lead frames; a light^mitting diode 
element 4 made of gallium nitride type compound sem- 
iconductor is placed on and fixed to this recess 3; and 
this light emitting diode element 4 is connected yyrith thei 
aforementioned metal stem 2 and a metal, post 5, the, 
other lead frame, by using bonding wires 6 and. 7, re-, 
spectlvely; the whole being sealed by a trar\sparent res-, 
in 9 of bombshell fonm. A fluorescent material 8 for 
wavelength conversion is dispersed into the transparent 
resin 9 mentioned above. When the light emitting diode 
1 is lit, the light emitted from the light emitting diode el- 
ement 4 impinges the fluorescent substance 8 and is 
converted Into yellow so that it can blend with the original 
blue luminescence from the light emitting diode element 
4 to present white in luminescent color 
[0003] Then, in the latter one, a light emitting diode 
element 4 for bliie lurnlnescehce, made of gallium nitride 
type'*c6nnt50und seml&ndijdd^^^ plaK::ed on and fixed to 
a recess 3 in the above%ientiohed metal stem I^, arid a 
fluorescent material containing res In 8 is filled into' the 
above-mentioned recess 3 so as to cover the top of this 
light emitting diode element 4: Accordingly^ in the light 
emitting diode 1 having such a configuration, the blue 
luminescence emitted from the light emitting diode ele- 
ment 4 excites the fluorescent material in the fluorescent 
material containing resin 8. and the light converted thus 
in wavelength blends with the original blue lumines- 
cence from the light emitting dtode element. 4 to come 
out as white luminescence. 

[0004] Nevertheless, among the conventional light 
emitting diodes 1 described above, the fornier had the 
problem that since the fluorescent material 8 is dis- 
persed into the transparent resin 9 which seals the light 
emitting diode element 4, the light passing through the 
transparent resin 9 drops in transmittance, decreasing 
the intensity of the white luminescence. It also had the 
problem that the fluorescent material 8 Is higher than 
the transparent resin 9 in specific gravity and thus is dif- 
ficult to disperse uniformly, causing chromaticity varia- 
tions not only between different light emitting diodes but 



also within a single light emitting diode. 
[0005] On the other hand, the latter had the problem 
that since the fluorescent material containing resin 8 
* ' covers the vicinity of the top of the light emitting diode 
5 elOTeint 4^ the ttansmlssl^^ of the light from the light 
emitting diode element 4 is hampered by the fluorescent 
material so that white, luminescence' of high intensity 
cannot be obtained. - 
[0006] It is thus an object of the present invention to 
w provide a light emitting diode improved in the ihtehsity 
of white luminescence and suppressed in chronnatteity 
. variatk>ns. " 



Disclosure of the Invention, 
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[0007] A light emitting diode according to the present 
invention comprises a - light en^itting diode ete^ 
mounted on a base, the light emitting dipde elenrient be- 
ing protected at its surface side by a resin seal member, 
20 the light emitting diode being characterized [n that.a flu- 
orescent material containing layer |s arranged on the 
back side of the aforesaid light emitting diode element. 
[0008] According to this Invention, the fluorescent ma- 
terial containing; layer is arranged on the back side of ^ 
25 the light emitting.dipde element so that the light from the 
light emitting diode element is converted in waveform at 
the back side of the light emitting diode. This, eliminates 
the need for a wavelength-converting f juorescent mate- 
rial to be dispersed into^the resin sealvPnember vyhich 
30 protects the surf ace side of the light emitting diode ele- 
ment. Therefore, the resin seal member improves in 
light transmittance. allojwing an^ncf the Jumines- ^ 

cent Intensity of the llgrit emitting diode. 
[0009] Besides, a light emitting diode according to an- 
35 other aspect of the presieht invention is characterized in . 
that the aforesaid light emitting dibidie element is a light ' 
emitting diode element nriade of gallium nitride type 
compound semicdhductbr or SlC'typie oonfipoUn 
iconductor " ' " ' ' ^ 7 . , ^ . 

40 [001 0] According to this inventidh , the fluorescent rna- 
terial containing layer is arranged on the back side of * 
the blue-luminescence light emitting diode element 
formed of the above-mentioned compound, so that the 
light from the light emitting diode element is converted 
45 in wavelength at the back side of the light emitting diode 
element. Therefore, white luminescence of high lumi- 
nescent intensity is obtained. 

[0011] Moreover, a light emitting diode according to 
another aspect of the present invention comprises two 
50 or more light emitting diode elements mounted on a 
base, the light emitting diode elements being protected 
at their surface side by a resin seal member, the light 
emitting diode being characterized in that: at least one 
of the aforesaid two or more light emitting diode ele- 
55 ments is a light emitting diode element for blue lumines- 
cence, made of gallium nitride type compound semteon- 
ductor or SIC type compound semiconductor; and a flu- 
orescent material containing layer is arranged on the 
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back side of this light emitting diode element for blue 
luminescence'. ' '\ ' ' ^ 

[0012] According to this invention, murticoior lumines- 
cence Including white luminescence can be achieved by 
simple means. ?v • 

[00131 Furthennore, a light emitting diode acx;ord 
to another aspect of the present invention Is character- 
ized in that: the aforesaid fiubrescent rhateriaj co^ 
ing layer is composed oif a fluorescent material dis- 
persed into an adhesive; and the back of the light emit- 
ting diode element is firnily fixed to the base by the ad- 
hesive action of this fluorescent material cpritaining lay- 

[0014] According to this Invention, the dispersion of 
the fluorescent material into the adhesion makes it pos- 
sible to arrange the fluorescent material simultaneously 
during the process of adhesive bonding the li^ht emitting 
diode element. ' ' ^ 

[00151 Besides, a light emitting diode according to an- 
other aspect of the present invention is bharacteriied iri 
that; the aforesaid fluorescent material cohtalning layer 
is fomied with a fiuorescerit material ahd an adhesive 
separate from each other; and a fluorescent material 
containing resin layer and ah a^esive layer are formed 
in layers on the top surface cif the tiase. ^ * ^ 
[00161 Accordingto this invention, the flii6resc4nt ma- 
tenal and the adhesive are formed in separate layers on 
the base. This ensures i greater^ thickness of the fluo- 
rescent material content and facilitates thickriesscoht^^ 
as well, with the advantage that^the degree of blending 
with blue luminescence is easy to adjust! 
[00171 Moreover, a light emitting diode according to 
another aspectofthepresent Invents 
in that the aforesaid fluorescent niaterlal cohtaini^ 
er IS fomried on the-tpp surface of the base by printind 
means, ' ' " r- i'^' 

[00181 !,Accofdirtgioth^ 

perfomied to secure a tHbkn^ss of the fluorescent ma-^ 
terial cpntalhing lay^r and comhii the thlcloies^ as 
[00191 Fuilhemiore, a light erhittTng d^^^ 
to another aspect of the present iiiventioh'is character- ' 
ized in that the aforesaid ffuoresbent material containing 
layer is a fluorescent material contanin'g resin 
pasted oh the top suilace of the base. ' ' ' 

[00201 AccordingtothisinveritionVthe thickness of the 
fluorescent material containing resin sheet can be ap- 
propriately adjusted so as to secure a thickness of the 
fluorescent material containing J^er 'and contrbl the 
thickness as described above. 

[00211 Besides, a light emitting diode according to an- 
other aspect of tfie jaresent Invention is characterized in 
that the aforesaid fluorescent material is an yttrium com- 
pound. 

[00221 According to this Invention, the use of an yt- ' 
tnum compound for the fluorescent material allov^ effi- 
cient wavelength conversion from visible light of shorter 
wavelength Into visible light of longer wavelength. 
[00231 Moreover, a light emitting diode according to 
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another aspect of the present invention is characterized 

inthattheperipheryoftheaforesaidfluorescentmaterial 
containing layer is surrounded by a dam provided on the 
top surface of the aforesaid base. 
100241 _ Aapprdlng-to,^ invention, surrounding the 
penphery of the fluorescent material "containing layer by 
the daniLmake^^ ensure a predetermined 

thickness of thefluor^cent material containing layer as 
well as to secure a uniform thickness under the entire 
bottom surface of the light emitting diode element. ' 
[00251 Furthennore, a light emitting diode according 
to another aspect of the present invention is character- 
ized in that a reflecting surface Is an^nged on the bottom 
side of the aforesaid fluorescent material containing lay- 
er or the top surface of the base. 
f°°2-6r., Acx:ord|ng t6 thte invention, athin film layerof 
high reflectivity, such as copper foil and aluminum foil 
can be an^nged on the bottom side of ttie fluorescent 
material containing layer so that the yellow lumines- 
cence converted in wavelenbth by the fluorescent ma- 
terial is reflected upward with efficiency. 
[00271 Besides, a light emitting diode aaiord^^^ 
other aspect of the present inventibn is characterized in 
that an upward reflecting surface tilting outward is ar- 
ranged around the aforesaid fluorescent material con- 
taining layer . • . . 

[00281, According to this invention, the light emitted in 
all directions from the light emitting diode element are 
gathered upward . by the reflecting surface. /thereby 
achieving a further improvement - 
[0029] ; Moreover, a iight ernrttlng. diode according to 
another aspect of the present invention Is characterized 
in tti^t a lens portion of convex shape Is fomied on the 
top side of the aforesaid resin seal rnember. 
P)0301 According to this inventioni because the lens 
portion of convex shape is fpmied on the top surface of 
the resin seat^mernber. light trayeling straight through 
the resin seal niember is refracted.upward at'theJnter- 
face surface, enhancmg the upward light-gathering 
power. ' ■ ^ 

[00311 Furthermore, a light emitting diode according 
to another aspect of the present invention i^ character- 
tted in that: the.aforesaid resin seal member is fbrmed 
flat at the top side; and a fluorescent material containing 
layer is fonned on the top side. 
[0032] Accordirigtpthis invention, the formation of the 
fluorescent rnaterial containing layer on the top side of 
the resin seal material allows color adjustment on the 
topside. 

[0033] Besides, a light emitting diode according to an- 
other aspect of ttie present inventton Is characterized In 
that the aforesaid base is a glass epoxy substrate, a sol- 
id-moWed substrate of liquid crystal polymer, or a sheet 
metal substrate. 

[0034] According to this invention, glass epoxy sub- 
strates, solid-molded substrates of liquid crystal poly- 
mer, and sheet metal substrates can be selected as the 
base of the light emitting diode. 
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[0035] Moreover, a lijght emitting diode accoVciihg to 
another aspect of the present invention is characterized 
in that: the aforesaid light ennitting diode element is con- 
nected to a pair of electrodes arrahged on'the base; and 
these elStrodbs We suitace'-^^ ^ 
wires on a motherboard. 

[0036] — AccordingtothisinvenUonvitisastructurebest 
suitable for a chip-type light emittirig diode of surface 
mount type and excellent in productivity. 

Brief Description of the Dirawings 

P037] 



Fig: 16 is a sectional view of a light emitting diode ., 
showing an eighth embodiment of the. present iri- , 
vention iri which the fluorescent rifiateriai and the ad- 
hesive in the fluorescent material containing layer 
are separated;. . . : , . . .. i - 

Fig. 1 6 is a perspective view of a light emitting diode 
shbwihg a ninth ennbodirneritx)f- the present iriveriru - 
tioh which uses a sheet metal substrate;. . 
Fig. 1 7 is a sectioiial view along the line D-D in Fig. 
1 6 nrientioned above;^ . , . > t , . .^i 
Fig. lb is a sTOtionaj view of a light emitting diode 
showing another ernbodiment which uses a solid- 
molded substrate; 

Fig. I.g is a perspective view of a multicolor light 
emitting diode showing a tenth embodiment of the 
present invention; _r 
Flg\' 2b is a perspective view of a multicolor light 
emitting diode showing ari eleverjth embodiment. of 
the present invention; .'^ ^ \., . ^ , , , 
Fig. 21 is a percpective view of a rhulticolpr light 
emitting diode showing a twelftH ernbodirhent of the 
preserit Invention; . ^ , , 
Fig. 22 isXsec^ional view srto\iyihg an ex^m^^^ 
a conventional wayeiength-cohv^ %R^. ''9^^ 
emitting diode; and ' . . _ '..'^1^ ... 
Fig. 23 is a sectional view show^ 
of a conventional wavelength-<^ type light . 

emitting diode.' 

Blest iifed^fbr'caiT^hgp^^ 

[0036i Vqr further.d^^ ol tTje light ernitting diode of 
the presentlrive^^^^ thereof Will be given , 

with reference JQ the acxq^^^^ 

[0039] Figs. 1 through 3 show an enribodimerit in the^^ 
case of applicatiori to a surface mount type light emitting . 
diode. The surface mourit type/ light emitting diode 11 
according to this^eriiibodirnert achieves the surface 
mouritirig in such a. manner that a pair of topside elec- 
trodes 1 3, 14 (cathode" electrode and anode electrode) 
are patterned with a jjactangut^ glass epoxy substrate 
(hereiri'after. inferred to a^^ eppxy substrate) 12 as 
the base, and underside elecinjdes integrally forrned 
thereto are fixed to printed wires 16 and 17 on a moth-^ 
erboard 15 with solder 18^ 

[0040] A light emitting diode element 20 is mounted 
on the topside cehter^pf the above-mentioned glass 
epoxy substrate 1 2. and is fixed to the glass epoxy sub- 
strate 1 2 with a fluorescent material containing layer 21 
applied to its back side. This light emitting diode element 
20 is a blue light emittirig elenrient rhade of gallium nitride 
type compound semiconductor. As shown in Fig. 3, it 
has a stmcture in which an r}-type semiconductor 32 and 
a p-type semiconductor 24 are grown on the top surface 
of a sapphire substrate 22. The n-type semiconductor 
23 and the p-type semiconductor 24 are provided with 
electrodes 25 and 26, and connected to the topside 
electrodes 1 3 and 1 4 arranged on the above-mentioned 



Fig. 1 is a perspective view of a light emitting diode '5 
showing a'finst embodiment of the present inven- 
tion; 

Fig. 2 is a sectional view along the line A-A in Fig. 

1, at motherboard mounting; 

Fig. 3 is a conceptual diagram showing the principle 

of the wavelength coh^eirsibh at the back side of the 

light emitting diode dement in thfe iboye-meritioned 

light emitting dibdeV * ' " . 

Fig. 4 is a perspective view of a light emitting diode 

with the li^ht eririittihg diode element placed oh the 25 

cathode electrode; ' . 

Fig. 5 is a perspective view showing a part of the 

cathode electrode provided with a darri, iri a second 

embodim'erit of the present invention . 

Fig. 6 is a sectiorial view of the ligWt emittirig diode 30 

according to the sedbnd embodiment nrientloried' ' 

above;- 

Fig. 7 \s a perspective' View 6f a light emitting dibde 
showing a third embodimerit of the present inven- 
tion in which a lens portion of convex shape is 
formed on tfie seial resiri member; 
Fig. 8 is a sectional view along the line B7B in Fig. 
7; at' mbtherbdard mounting;" 
Fig. 9 is a perspective view of a tight emitting diode 
showing a fourth embodiment of the present inven- "^o 
fion in which a reflecting frame is arranged around 
the light emitting diode eleiTie^^ V 
Fig.'IO is a section at view of the light emitting diode 
made of a rectangular-sol id resin seal mernbe'r in 
the fourth embodiment mentioned above; 
Fig. 11 is a perspective view of a light emitting diode 
sihowing a fifth embodiment of the present invention 
which uses a solid-molded substrate; 
Fig. 1 2 is a sectional view along the line C-C in Fig. 
11 mentioned above; ' ^ 
Fig. 13 is a sectional view of a light emitting dibde 
showing a sixth embodiment of the present inven- 
tion which uses a solid-molded substrate; 
Fig. 14 is a sectional view of a light emitting diode 
showing a seventh embodiment of the preserit in- ss 
vention in which a fluorescent material containing 
layer is f omned on the topside of the seal resin mem- 
ber; 
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glass epoxy substrate ,1 2 with bonding wires 27 and 28 
for blue luminescence.; ^ . .: •, 

pmij On the other hand; the fluorescent materiaL 
contamlhg iayer21 arranged pii the back sideof.the light ' 
emitting diode element 20 Kcomposedof.as shownin- - i 
Fig. 3/ana0p;fo-pnafe amount orfliip^^ ' 
unifDnT|ly (^ispersed/ntp an adhesive 29 as a base, This 
- 's applied by print to the tap^urf 

substrate 12 with a predetemiined thickness! Wift the ' ' 
light emitting diode element 20 pla»d tliireon. the ad- iQ 
hesiye29 is heat splidtfiwJ tpf^ 

emitting diode efemerifao'tb the top surfaiJe of the glass ' 
epoxy substrate .12. The fimn adhesion obtained be; " 
tween the adiiesiye 29 and the glass epoxy substrate ' 
1 2 prevents the flupre#2ent ^ 

from coming off. Incidentally, a fluorescent material con- 
taining resjn s,heet^^^^^^ a .r 

kneaded into, a resin materiar m^^^ ' 
fluprpscf nt materi^ containing resin sheet niay be p^t- 
ed onto the top surface of the base ak the fliior^cint ' 2<> 
matejrial contaihing |8^^ - ■ ; - " • 

P042l'; the 30 
If ®'i*^*'X;jHn?ine^n9e enbr^^ ; 
ting diode element 2p.'t6:cohy^^^^ 
wavelpngtK into yfeible light^ p^^^ 
made pf. fpr example; . fl^^^^^^ 

an yttriU^ ^»f!(i»l^^^^ \ "" ' ' " , - "V " ' 

^f^^^^ '^^fp°r^^2wt^ps the "^(^^^desc^^d^^ ' 

^!^M§^M^m<^'P^^ 'Hghtiix.upward:i; 

hween the n^pe sOTicp^^ 

i«)nductor2i^^|,li^ nghtJ3i^^ V^' 
^''^r "Jll^nses^efluo dfepei^d;' ' ' 

in the fluore«5erit materiai cbht&nih&Llaj^^ 2t tol^^ ' 
the fluorescent materi.al.30 so that it- is converted ir^ ' 35 

lights^ ' ; 

31 that IS .emitted upWard ahd sideways from the abov^' "'. 
mentioned light emitting' diody el^ent'26; 8^ as to 
present white luminescenbe.'When the 'li^ht emitting di- 4o 
ode.11 is' seerii ' .'•^'f.-- ., - .■ 

[0044] /the surface side 

emtttirig dipcle ^lem^nt 20 js protected by a resfn seal ' ' 
'^®'^f'«r ??, ?:rrectangular solid shape; through Whidh ' 
the aforernentioned blue light SY and wavelength-con- 4S 
verted yellow light 32 travel straight ahead: Since it is 
chiefly composed of an epoxy type transparent resin 
and has no fluorescent 'materiai dispersed therein as^' ' 
distinct from heretofore, this resin seal mernberSS is fa- 
vorable in light transmittance, consequently achieving so 
an improvement In the intensity, of the white lumines- 
cence blended: Moreover, in this embiidiment. the fluo- ' 
rescent material 30 is dispersed into the adhesive 29 
Therpfore, inlcbntrast to the conventional cases- where 
fluorescent materials are dispersed into resin seal mem- ss 
bers. the fluorescent material 30 produces no deviation 
in dispersiot) so that variations in chromaticity is sup- 
pressed during light emission. FurthennorB. in this em- 



bodiment, the fluorescent material containing layer 21 
is far off th^ top surface of the resin seal member 33 and. 
IS hidden in the back,side of the light emitting diode el- 
ement 20. This rnearis a structure less prone to effect 
of uljraviolpt rays.,lncidentally, di^ 
as silicon dioxide may be mixed into the V^in seal mem- . 

. beL.33JpjyTOce,uiiifomJurTiin.escenTO '-- 

[0045J .Thp. reflection efricien«qf of the light emitted. 



backwar;d from the light emitting diode element 20 can 
also be improyedby proyiding a thin film teyer of high-. - 
reflectivity such as copper foil and aluminum foifon the", 
bottom sidepf fliefluorestMntmaterial containing layer/ 
21 described above, or by extending, as shown in Fig 
^' °-?^*?B?ISe^?A^Jr9d,e(cath.pde6lgctr^^ 
a mounting surface ,35 and fixing the light emitting diode ' 
«'^,?nt 20 onto this mounting,su|fa^^ 
rescpr^tniaterialcpnteining layer, 21. f 1 /. ' 

[00^ Figs. 5 and 6 shoyw the second'embodhnent ofl ' ' 
the prespm inYentiPn.,ln this.pnr,bpdiment. arectangulaV": 
^'o'^ F^spmewhat smaller than the plana shape of the ' ' 
light emitUng diode element 20 is fomi^ in the mounting . ■ 
surfac» 35 exte,ndedfrpiii tt^^^ abpve-deschbed'topsidp . 
electrpde 1 3, This rectangular hole 37 is filled with the. . ■ 
aboye^described fluoresceiit; material containing layer 
21 , an<l the light emitting diode element20 is placed on,l- ' 
andflxpdtpJhesar^^e.^l)ept%corifigu^«^ 
deal to those of the.first.embodiment de^ribed above " " 
In this embodiment, w the f|uprescent material con- s . . 
»a'n'ng;Layps21,|s filled into thjsT^^^ 
inner nm of the rec^figular hpieS^^^ 
38 to prevent the fluorescent material coritai'ning teyw 
2J f^cf^ jRW'ng away. Thte .ensures a predetermined" ' ■ 
thickii^^ as well as secures a u ; : 

. the entirp bottom surface of tlie light emitting didde el- ' 
ement 20. Ihcidentaily. the dam 38 for ensurihg a pr^' '''' 
determined thiclpiesste n^^ limited to the mounting sur- ' > ■ 
face 35 which fprni^ a part of tlie topside electrode lS - 
mentioned above.-, ' ' . .-.^.•.y .t s 

Ficp.7aiid8shpwthethirdem"bodimentofthe ' " 
present inveritipn. In this enibodimpnt. the resin seal ' 
member 36 for protecting the surface side of the light , • ' 
^^•t'iPP .diode elenrientgO.is^^ 

shape, ^nctlpriing asa lens porjion of convex shape to 
enhance the upward light-gatliering power. That is light ' 
traveling straight through the Tesin seal member 36 is 
refracted upward at the Interface sur^ so that the en- 
hanced lightrgatbering power achieves an improvement 
in thp iiitpnsity-of white luminescence.; . 
[004iBJ Rg. 9 shows the fourth embodiment of the- ' 
present invention. In this embodiment, a cylindrical re- . 
fleeting, frame .40 is arranged at the topskie <^ter of 
glass epoxy substrate 12, A light emitting diodeelement 
20 IS placed therein, and the surface side of this light 
emitting diode element 20 is protected by a hemispher- 
ical resin seal member 36 as in the third embodiment 
descnbed above. The reflecUhg frame 40 forms an up- 
ward reflecting surface of tapered shape, with an inner 
penpheral wall 41 tilting outward, so that the light emit- 
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ted from the light emitting diode element 20 is reflected 
by the inner peripheral wall 41 for upward condensation/ 
As in Fig. 3 described above, the light em^^ , 
elenient 20 is fixed to the top surface df th^ glass epoxy ' 
substrate i 2 tKrougH^the^m^diumbf a fluorescent rna-~ 
terlal containing layer 21 having a f riiorescent niateriai 
30 dispersed into an adhesive 29 r When the flubrescerit 
material containing layer 21 is an-anged; the lower p^~ 
ripheral edge of the inner peripheral wall 41* of the re- 
flecting fiwne 40 can m^kie a darn to prevent the fluo- 
rescent material containing layrer 21 from flowihg away, 
so as to ensure a predete 

[0049] ' Therefore, according to this embodinrient; the 
light emitted baclwsird f rom the light emitting diode el- 
ement 20 excitesTthe liuore&eht material 30 dispersed ' 
in the flijorifece'nt fnaterialTO layer 21 , and the ' 

light t?-.at is converted in wavelengtK By'tfiis e^^ 
reflected by the inner peripheral wall 41 of the reflecting 
frame 40 for upward condensation: Thus, boffi the re-' 
fleeted light cofidensed by the ref l^rig ft^^ 
the light that fravels directly thrdugh the resin sei^al me^^ 
ber 36 from thie light emitting diode eiernent 20^^^^ 
ther condensed upw4[iTi^"^ siirface^cif 'tfie 

resin seal memlief 36; On this account,' white lurnines- 
cenc^ of higher ihtWhsity as compared with the above-" 
described-^ erribodimeht ' is obtaiheci. Incidentally;^ ^s^^ 
shown in Figi- lb; the same\reflecting;^ 
scribed above may be fsrovided in ^ resin searmember"^ 
33 of rlk:tahgular solid sKa^^ the' ligTjt^gath-'' 

ering effect' is obfiiheil from the reflecJirig fram^^ 
alone^-Vi^* •--•■^-•-^ .i..:;^.-:. .-.^ 

[0050] Figsf-il and 12 show the fifth "embodimerit cf 
the present inventions diodePlf Ip^'^ 

cording to this embodlrrient uses as its base a solid- 
molded siibsti-ate 45 riiolded bf a liquid crystal p6iyit»dr 
A bowl^haped cup pjbrtibh 46 Is fo 
the solid-rholded substrate 45. Acathbd^ and an anode, 
or topside electrodes, 13 and 14 are formed oni the top 
surface of the solid moldbd substi^te right and 

left astride aslit 47 in the center; On the inhei- periphery 
of the abov^iH^ehtibned bup^'p^^ 46 are fomned a re- 
flecting surface 48 which is integrally molded with the 
topside electrodes 1 3 and 14 rr^eritibried above. This re- 
flecting surface 48 is hollowed round at the bottbnn 49 
of the cup pohion 46; so thait the solidHnholded substrate 
45 Is seen dir^tly. Then, the sahne fluorescent material 
containing layei^ 21 as described above is applied to this 
bottom 49, and the light emitting diode elenrieht 20 is^ 
placed oh and fixed to the sarrie. Incidentally, a pair of 
electrodes of the light, emitting diode element 20 and 
the above-mentioned topside electrodes 13 iand 14 are 
connected with each other using bonding wires 27 and 
28. Even in this embodlrrient, when the fluorescent nna- 
terial containing layer 21 is an^anged in this embodi- 
ment, the lower peripheral edge of the reflecting surface 
48 makes a dam to prevent the fluorescent material coh- 
taining layer 21 from flowing away, so as to ensure a 
predetemiined layer thickness. 



[0051] In addition, the abbve-mentibned light emitting 
diode element 20 and the bondirig wii*es 27 and 28 are 
^ protected by a transparent resin seal merriber 33 which 
Is foiVned ori the top side of the solld:rnolded Vgbstra^ 
5 45, Including th"e cup po^r^^^ 

thickness of the resiri seal rnember 33 projecting to the 
top side of the solid-molded subs^^^ . 
so that the light emitti hgTdibde 1 1 becom^^^^^^ R^"?? I'® 
as a whole. Incidentally, underside electrodes integrally' 
10 molded With the aboyeHTiemibhed 1 3 

and 1 4 are fomned on the' bottorni side of the sb)id-mold- 
ed silbstrate 45. \. ' " ^ _ _ *^ ^t^:.'-^ 
[0052] therefore, eVeh in this ^mbodiirienty the 



emitted baciwai^d f rbm the light emitting diode eleme^^^ 
is 20 excites the flubresceht material 30 dispersed in the ; 
fluorescent material cbntaimng layer 21 , The light' that 
is converted in wavelength by this excitation is reflected 
by the rein^ting su itait^ 46 of tfie cup pprtion 46 so that 
it travels upward to dnheince the li^ht-gath^enng ^ 
20 presentirt^ white lunriiriesc^ [ , . 

[0053] Fig. 13 shows the si)rth embody 
present ihWhiibfr the light emitting diode I f according, 
- tothis^boSteiiOTtL^^ 

in the fifth ernbpdimdnt but differs in 

25 that the resin siSaf menn^^ .36 for sealiHg the ^urface, 
side of the light emitting dibde elemerit 20 is forrned in 
a hemispherical shape. The top of the tesin seal rnem- , 
ber 3$ can be pd^itipned general^^ above the light, , 
emitting diode eli^^ 
30 ing p<wer^th(snef^ 

resiri seal mennber 36 c^^ expected in additio 
ligh^gfirtH^^^i^i^e^ 
' cup p&tli^ff46, whbi^eby 

er intensity can be obtained! ' ; * . 
35 [0054] Fig. 1 4 shows thb seventh embodiirnent of the ^ 
present invention . I ri this^^ 

teriai cbn^ihing laVer ^ on the top s^de ^ 

of a recfingulaf-soiid-kKa^ 

as to allbw color adjustment dri^the top surface: The f iu- 
40 bresc^nt niatbHai containing i4yer 39 Is corn posed of a 
fluorescent material 30 of the aboye-mentioned yttrium 
type or a differerit fluorest^nt material, disper^ 
an orgaifiic solvent It mg^^^ 9"/^®^9P 
surface of the rissin seal' membei' 33. or fomned into a 
45 sheet and pasted. The fluorescent rinateriai cqnta^ 
layer 39 is fonried thinly, whfch makes it possible to min- 
imize a drop In light trartsmittarice in the resin seal riiemr 

ber 33. [' . ^ * ^ ^ . . . \\- i , - 

[0055] Fig. 15 shows the eighth embodiment of the 
so present invention. In coritrast to the embodiments de- 
scribed above, the adhes^ive 29 arid the fluorescent ma- 
terial 30 are separated fronrVi^ch other. A fluorescent 
material containing resin 44 haying the aboye-men- 
tioned fluorescent nriaterial 30 dispersed into a transpar- 
55 ent orgahk: solvent is applied by print to the top surface 
of a glaiss epoxy substrate 1 2, and fomned into a prede- 
temniried thickness through overprinting or the like. The 
fluorescent material containing resin 44 is dried before 
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a transparent adhesive 2? is applied thereon to have a 
double-layer'structure. Alight emitting diode etement2d 
IS placed on and fixed to the same. In this embodiment 
the blue luminescence.emitted backward from the light 
emitting diode element 20 passes through the adhestyie 
29 and theii impinges on ttieflupre^nt material 30 dis- ' 
persed in the fluorescent material containing resin 44 to 
- excite the fluorescent material 30. s5 thaTFis^^Tted 
in wavelength into yellow luminescence and emitted in 
all directions. Sine? the flubrescent material containing 
resin 44 is capable of securing a greater thickness and 
18 easy to adjust in thickness, there Is a merit that ttie 
degree of blend with blue luminescehce Is easily adjust- . 
able. Incidemally, aside from the above-described fluo-' 
rescent material containing n^sih. it icah alsb'be foiffied ' 
by pasting a fluorescent material containing sheet 
fPOSey Figs. 16 and:i7 sKow the ninth embodiment of 
the present mventibh, in which a sheet metal substrate 
50 pressed into a predetemiined shape is used as' the - 
base, insteadofthegiasseppxysubstrateVgdescriU^^ 
above. This sheet metal substrate 50 is made of a ma- 
tenal of favorable therm&'conductivity, such as copper, 
iron, or phpsphorus bronze. A cup portion 51 of bowl 
shape IS press-fomied in the center As in the first em-'' 
bodiment described above, the bottom suif ace 52 of the 
cup portion 51 _is jDrbvided With" a fluorescent materiki 
containingJayer21 haying a fluorescent material 30 dis-' 
persed into an adhesive 29, onto whbh is fiied a light " 
emitting diode elenri^nt 20.ifi.thi<e(nbQdimentrbec^^^ ' 
the fluorescent material coiS^inirig layer 2f Is apbiiea'' 
direc^y onto the §heet metal substrate,50. an insulating - 
property is requiiied of the adhesive 29 Besid^lnthis 
embodiment,, eppxy resfn 53 \s filled into the r^cess^ "" 
at the back side of the sheet metal substrate 50 in order 
to secure the rigidity of the substrate. A splitting slit 54 
IS fomried in one end of the sheet metal substrate 50 so 
that the ri^ht and left splits of the sheet met^l Wubstrate 
50 themselves form a pair of topside electrod^^. "' 
P^^^Jl . connecting both electrodes of the light 

emitting diode element 20 and the right and lefttop Sur- 
faces of the sheet metal substrate 50 With each other 
using bonding wires 27 and 28 can establish conduction 
to the light emitting diode elernerit 20. thi inKer periph-' 
^''^ ^?ye-mehtiqned cup portion 51 forrris 
a reflecting surface 55 of tapered shape, and is com- 
bined with a hOTisphencal. resin seal member 36 for 
sealing the surface side of the light emitting diode ele- 
ment 2p to eniiance the light-gathering power. Indden- 
tally, even in this embodiment, the lowerperipherai edge 
of the reflecting suiiTace 55 functions as a dam for se- 
cunng the thickness of the fluorescent material contain- 
ing layer 21 , . ■ : 

I0058J The light emitting diode 11 using the sheet met- 
al substrate 50 may ateo be provided with a resin seal 
member 33 of rectangular solM shape with a flat top sur- 
face, as shown in Fig. 18. In this case, the splitting slit 
54 IS stopped by an insulating tape 56. 
PMW91 Fig. 19 shows the tenth embodiment of the 
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present invention. This embodiment of applteation to a 
multicolor light emitting diode 11a has a structure in 
which cathode, electrodes 13a. I3b and anode elec- 
trodes 14a, 14b are patterned in right and left rows on 
me top surface of a rectangular glass epoxy substrate 
12 to be the base, and the underside electrodes pass 
..^oundbehind,via.their.respective through holes 19- 
P)060|. A first light emitting diode element 20a and a 
second light emitting diode element 20b are mounted 
on the pair of cathode electrodes 13a and 13b formed 
on the top surface of the above-mentioned glass eppxy. 
substrate 12. respectively. The first light emitting diode 
element 20a is a blue light emitting element made of the 

9al«M!p nitride typecpnfipoundsemiconductordescribed- 
above, and is connected to the above-mentioned catti- 
ode electrode 13a and anpde electrode. I^a. with bond-^ 
ing wires 27 and .28:... 

P0611 Moreover, the first lighf emitting diode element 
20a IS adhesive bonded to the top surface of thecathode 
electrode 1 3a via a fluorescent material containing layer 
21 arranged or, its back side. This fluorescent material : 
containing layer 21, as described above, is composed 
of an insulatiye adhesive as thebase and an appropriate 
amount of fluorescent material unifomily dispersed into- 
,the same. This is applied to the top surface of the catti- 
ode electrode 13a with a predetermined thickness. With 
tt,e light emitting diode element 20a placed thereon the 
adhesive is heat solidified to fix the back surface of the- 
first "ght eniittihg diode elenfient20a to the toasurfa^i 

of the cathode electrode 13a ' '* 

(0062] . Meanwhile, tile second light emitting diode el- 
ement 20b is a red light emitting diode element made of 
a gallium aluminum Indium phosphide type compound 
semiconductor (GaAllnP). it is fixed onto the cathode 
electrode 1 3b via a conductive adhesive 43 and is con^ 
nected to the anode electrode 1.4b with a bonding wire; , 

[0063J in addition; ttie light emitting diode "elements 
20a and 20b ananged in a row on the top surface of the 
glass epoxy substrate 12 are protected at the surface ' 
side by a transparent resin seal member 33. This resin 
sealmenjb6r33iscomposedchiefly of epoxy resin, and 
fom^^d in a rectangular solid shape over ttie top side of ' 
the glass epoxy substrate 12 except the individual ^ 
through holes 19 in the above^lescribed cathode elec- 
trodes 13a, 13b and anode electrode 14a, 14b 
(P064] Thus, in ttie multicolor light emitting diode lla 
of ttie embodiment described above, the current flow 
through ttie first light emitting diode element 20a pro- 
duces, as shown in Fig. 3 cited before, blue lumines- 
cence at the interface surface t>etween ttie n-type sem- 
iconductor 23 and the p.type semiconductor 24 This 
blue luminescence is emitted upward, sideways, and 
downward as blue light 31. In particular, ttie blue light 
31 emitted downward excites ttie fluorescent material 
30 dispersed into ttie fluorescent material containing 
layer 21, undergoes wavelength convereion, and is 
emitted in all directions as yellow light 32. Then this yel- 
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low light 32 blends with the blue iighf 3f emitted ujDward 
and sideways from the above-miBntioned first light emit- 
ting diode element 20a so as to beVecoghized ais whit^^ 
luminescence when the multicblof il^ht emitting diode 
lla is seen: The sufface slde; of the fii^t light emitting di- 
ode element 20a is protected by the resin seal member 
33 of rectangular solid shaj3e;through'^ afore- 
mentioned blue light 31 and wavelength-converted yel- 
low light 32 travel straight ahead. Since it is chiefly c«m- 
posed'of an epoxy type trahsparerrt resin and includes 
no fluorescent matenal as distinct from heretofore, this 
resih'seal mernber 33 is favorable in light transmittance, 
conisequently achieving an improvement in the intensity 
of the white luminescence. Besides, inthis embodirrient, 
white luminescence caabe obtained simply by passing 
a current through' the first ligHt'emittihg diode elenieht 
20a. This means significantly lower current consump- 
tion' as compared with the conventional ca^es where a 
pluraihy of lights emitted from jight emitting diode ele- 
ments are bfended to obtain white luminescence. 
[0065] - Meanwhile, ted liiminescehce can be 
by passing a current through the second light emitting . 
diode element 20b. Since the resin se^l member 33 is 
transparent, red luminescence of high intensity can be 
obtained without any drop in light transmittance. 
[0066] Fig. 20 shows the eleventh embodiment of the 
present invention, in which the second light emitting di- 
ode element 20b for red luminescence in the fpregping 
embodihient is {replaced by one for blue luminescence 
and is placed on the cathode electrode 13b. this blue 
light emitting' diode element 20b is' made of the sanrie 
gallium nitride type donipo'und semiconductor as the 
first light emitting diode elerheht 20a. ItMs thus fixed on 
the top surface of the cathode electrode 13b via an in- 
sulative adhesive 42 and is put into conduction with the 
cathode electirdde 1 3b and the anode electtbde i 4b by 
bonding wires 27 and 28, respectively. Incidentally, 
since the other configurations are identical to those of 
the tenth embodlnrient described abbvej detailed de- 
scription thereof will be omitted." 
[0067] In this efnbodimeiht, the first light emitting diode 
elerrieht20apresents white luminescence as in thefore- 
goirig embodinrSent, whereas the isecorid light emitting 
diode element 20b produces blue luminescence when 
a current Is supplied thereto. In this way. blue and white, 
two-color luminescence can be easily obtained despite 
the mounting of the precisely identical light emitting di- 
ode elements. 

[0068] Fig. 21 shows the twelfth ennbodiment of the 
present invention. The multicolor light emitting diode ac- 
cording to this embodiment is of full color and, as distinct 
from heretofore: can produce every color with its four 
light emitting diode elements. That is, in this configura- 
tion, white luminescience is emitted by a first light emit- 
ting diode element 20a, and all the colors other than 
white are displayed by combinations of second, third, 
and fourth light emitting diode elements 20b, 20c, and 
20d. Cathode electrodes 1 3a-1 3d and anode electrodes 
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14a-14d are fomned in four rows on an oblong glass 
epoxy substrate 12, and the first through fourth light 
emitting diode elements 2ba-2bd are mounted on the 
cathode electrodes 13a-13d in succession. In this em- 
bodiment, the first thrbiigh fourth light emitting diode el- 
ements 20a, 206, 20c, and 26d are light emitting diode 
elemehts fbr- whiter gr^n. blue, and re^ 
The first to third light emitting diodes 20a, 20b. and 20c 
each are made of gallium nitride type compound semi- 
conductor. The fourth light ennitting diode element 20d 
is made of a'gallium aiiifnlnuifTi indiiirn phosphide type 
compound semiconductor. , ^ * r- . 

[0069] ' The first light emitting dibcfe 20a. mentioned 
above is fixed to the top surface of the cathode electrode . 
1 3a with a fluorescent material containing layer 21 . The 
second and third light emitting diodet elements 20b arid . , 
20d are fix^ to ti^^ to)?) surfaces of the cathode elep- 
trodes isb and 13c with an insulative adhesive 42. Be^ 
sides, the fourtii light emitting diode element 20d^^^^ ^ , 
to the top surface of the cathode electrode 1 3d with^a . 
conductive adhesive'^, liidden^ f Irst tb third , . . 
light emittirig diode elements 26a, 206; and 26c ^re con- / 
nected to th^ resp^tivS* cathode elec^ '^Sib, 
and 13c by bonding wires 27. Induding the fourth, ligm^^ 
emittihg diode elehrient 20d, they are connected to the 
anode elefetr^^ by, bonding 

wires i28 Abbve the firat throiigh foiirtK light ^mittiiig^d 
ode elements 20a-20d is; proyidb^d'a^prbtTOtion lpy^^a^ 
inteqrally-formed re^ih seel me^ of reictanjgufe^^ 
solid shape. ; , ^ \. t 

[GOTO] Acdordingly, Jn thik embodirpent, the indiyiduai 
light Wnitting diode elements 26a, 2pb, 2qc, arid 2d<^^^n^^ 
only can 6lrhlt nrfbhbcfirbmatlb luminescence, birt the val- 
ues oj the currents to the second through fburth light 
emittihg diode elements 20b, 20c, and 20d for gre^h, 
blue, and red liiniihi^cehce can be controH^ to pro- 
duce luminescence of any color as well. Moreover, white, 
luminescence can be bbtaihbd by mekirig the first light, 
emitting diode element 26a emit rnohpchrbmatic lumi- 
nescence. This eliminates the need for delicate current 
contirol as In convehtibhai fuli-cdlor light ehriitting diodes. 
[0071] InddentallYrWhiieany qftlje 
embodinrients has dbalt witfi a iight emittirig dibcle of chip 
type which is surface-mbunted directly on the printed 
wires 1 6 and 1 7 on a motherboard 1 5 as^ shown in Fig . 
2, the light emitting diodes of this invention may alsb be 
applied to the lead-frame types deiscribed in the conven- 
tional examples. That Is, an adhesive that contains a f lu- 
orescent material cah be applied to recesses in the rnet- 
al stems to mount light emitting diode elements on, and 
light emitting diode elements niade of gallium nitride 
type compound semiconductor can be fixed onto the 
same so that white luminescence of high intensity is ob- 
tained without the fluorescent material being dispersed 
into resin seal members of bombshell fonm, 
[0072] Moreover, while the "above-described embodi- 
ments each have dealt with the casb where a light emit- 
ting diode element and a pair of topside electrodes are 
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connected with each other using bonding wires, this in- 
vention is not limited thereto, and also covers such con- 
nection methods as flip chip mounting using solder 
bumps. 

[0073] Furthemnore. while the above-described em- 
bodiments each have dealt with the case where the light 
emitting diode element(s) is/are made of gallium nitride 
typenijcirmpbuncl semicohductor,~fhe same~configura- 
tions are also available In the cases of using light emit- 
ting diode elements for blue luminescence, fomried of 
SiC type compound semiconductor. 

Industrial Applicability 

[0074J As has been described, a light emitting diode 
according to the present invention can present white lu- 
minescence of high intensity, and thus is useful as a 
white light source In various types of display units or In 
optica) communication, 

[0075] Besides, a light emitting diode according to the 
present invention is useful as a multicolor light emitting 
diode that is low in cun^ent consumption and easy of cur- 
rent control. 

EXPLANATION OF NUMERALS 
[0076] 

11 LIGHT EMITTING DIODE 

1 2 GLASS EPOXY SUBSTRATE (BASE) 

13 TOPSIDE ELECTRODE 

14 ANODE ELECTRODE 

15 MOTHERBOARD 
' 16 PRINTED WIRE 

17 PRINTED WIRE 

20 LIGHT EMITTlKlG DIOD£ ELEMENT 

21 FLUORESCENT MATERIAL CONTAINING LAY- 
ER 

29 ADHESIVE. 

30 FLUORESCENT MATERIAL 
33 RESIN SEAL MEMBER 

36 RESIN SEAL MEMBER 
38 DAM 

40 REFLECTING FRAM E 

41 INNER PERIPHERAL WALL 

44 FLUORESCENT MATERIAL CONTAINING PAINT 

45 SOLID-MOLDED SUBSTRATE (BASE) 
50 SHEET METAL SUBSTRATE (BASE) 



Claims 

1 . A light emitting diode comprising a light emitting di- 
ode element mounted on a base, said light emitting 
diode element being protected at its surface side by 
a resin seal member, the light emitting diode being 
characterized in that a fluorescent material contain- 
ing layer is anranged on a back side of said light 



emitting diode element. , . 

2. The light emitting diode according to clainri 1 , char- 
acterized in that said light emitting diode element is 

llgh^emltting , diode for blue luminescence., made 
of gallium nitride type compound senniconductor or 
SiC type compound semiconductor. . , , 

3. A light emitting cllode comprising two or more light 
.V eniitting diode elements mounted on a base, said 

light emitting, diode elernents being protected alt 
their surface side by a resin seal member, the light 
emitting (jiode being characterized in that: at least 
^r-'J^ ^9 n^ore light emitting diode ele- 
rnehte is a light emitting diode element for blue lu? 
min^ence^^ made.o^^^ nitride type cpmj 

pound semiconductor or SIC type comiDound sem- 
iconductor; and a fluorescent material containing 
'?y?r!® -^"^f ^"9®^ 4 'b^pNl^® Pf .^aid iight emitting 
diode elerhehHbr biue lumihescenTO^^ . 

4. The light emitting diode accordinig to claim 1 or 3, 
characterized in that said fluorescent material con- 
taining layer i^^comppsed of a fiuprescent material 
dispelled into an adhesive; and a back of said light 

elenrientJs firmly fixed to said base 
by the adhesive action of said fluorescent materiai 
coritaining layer. 

5- The light emitting diode according to claim 1 or 3, 
characterized in that: said fluorescent material con- 
taining layer is fornied with a fluorescent material 
and an adhesive separate from each othen and a 
fluorescent material containing resin layer and an 
adhissive layer are f onried in layers on a top surface 
of said base. 

6. The light emitting diodid according to claim 4 or 5/ 
characterized in that isaid fluorescent material con- 

. .^ taining layer is fonmed on the top surface of said 
base by printing means. 

7. The light emitting diode according to claim 1 or 3, 
characterized in that said fluorescent material con- 
taining layer is a fluorescent material containing 
resin sheet pasted on a top surface of said base. 

8. The light emitting diode according to any of claims 
4. 5, and 7, characterized in that said fluorescent 
material is an yttrium compound. 

9. The light emitting diode according to claim 1 or 3, 
characterized in that a periphery of said fluorescent 
material containing layer is sun-ounded by a dam 
provided on a top surface of said base. 

10. The light emitting diode according to claim 1 or 3, 
characterized in ttiat a reflecting surface is an-anged 
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on a bottom side of said fluorescent material con- 
taining layer or a top surface of sard base. 

11. The light erhrtting diode according to claim 1 or 3, 
characterized In that an upward reflecting surface 5 
tilting outward Is arranged around said light ennitting 
diode elements? - ^ 

12. The light emitting diode according to claim 1 or 3, 
characterized in theit a lens portion of convex shape to 
is formed oh a top side of said resin seal member. 

13. The light emitting diode accVsrding to claim 1 or 3, 
characterized in that: said resin seal member is 

f omned flat at a top side; and a fluoreiscerit material '5 
containing layer Is fonmed on the top side'. 

14. The light emitting diode according to claim 1 or 3. 
characterized in that said base is a glass epoxy sub- 
strate, a solid-molded substrate of liquid crystal pol- 20 
ymer, or a sheet metal substrate. 

15. The light emitting diode according to claim i br 3, 
characterized in that: said light emitting diode ele- 
nierit is connected to a pair of electrodes arranged 25 
on said base; and said electrodes are surface- 
rriourited dirk% to piinted wires on a motherboard: 
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